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Abstract 
In construction projects, there are three basic planning elements: time, cost, and quality. These concepts are in a close 
relationship with each other. Labour productivity is also a key concept of construction planning efforts and has a direct 
interrelationship with the triple constraint mentioned above. The present study reports an investigation of construction labour 
productivity described as numerical values, i.e. man-day values. First, a general knowledge was given concerning the concept 
“labour productivity”. Here, the system which is the source of labor productivity rates in Turkey was also introduced and its 
criticism was carried out. Toward this aim, labour productivity rates of the most fundamental two work items of any 
construction project (formwork-erecting and reinforcement-fixing) were obtained by means of a questionnaire survey applied to 
planning engineers, site/project managers, and chief executive officers of about 82 general contractors in the construction 
industry in Turkey. The results were evaluated by one sample t-test, and hence, today’s situation of the construction industry in 
Turkey regarding labor productivity was displayed by a statistical analysis that compares man-day values in theory and in 
practice.
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1. Introduction 
In a construction project, there are three main elements that should be determined and continuously observed in 
planning efforts throughout the project from proposal preparing to delivery. As shown in Fig. 1, these interacting 
elements called “triple constraint” are time, cost, and quality. Here, labor productivity is a key intermediate concept 
that has a potential to affect all of these elements and that should be taken into account in understanding the 
possible interactions between them. 
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Fig. 1. Main elements in construction planning. 
Resource assignment decisions made in the activity level control the total time and cost schedules of a project. 
Project resources are divided into three factors: labor, material, and equipment. Among them, labor-based 
productivity rates called as man-day values are used in estimating time and cost of activities. In fact, these values 
constitute a theoretical baseline for general contractors and subcontractors while establishing quantity-based 
variables such as the number of workers needed throughout the project, the length of their working times, and the 
corresponding budget. Workers’ working times obtained by productivity rates also reveal the optimum total project 
duration through induction. Of course, this total duration can be determined by negotiating with client. Even in this 
case, the duration needed to complete each activity can be calculated by these rates, considering cost and resources 
together. However, it should be importantly noted that labor productivity which has a very strong impact on project 
time and cost can vary in a wide interval. Another field where the productivity values are used is the observation 
and evaluation of labor performance. Such a productivity analysis is based on a comparison of current productivity 
values with past data experienced in previous projects. 
Therefore, in this study, man-day values which are needed in construction planning and controlling were first 
determined, and then, a comparative evaluation based on Construction Unit Price Analyses (UPA) was made. In 
Turkey, the unit price system of the Ministry of Public Works is used in preparing tender documents and in 
planning all production stages of public buildings. The system is also employed in private works with some 
changes and supplements. UPA (Akcali, 2013) are published every year as a book. From year to year, only a few 
new work items are added, and some old and unused ones are removed. However, all input and unit prices are 
changed regularly. It is expected that man-day values in UPA differ a little from those in the job-site in normal 
conditions. However, in the last decade, it has been discussed that there is a considerable difference between 
productivity rates in practice and in UPA. In fact, changes in these rates are an expected outcome because of the 
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improvements in technology, construction methods, education, training, etc. However, any change has not been 
reflected to UPA, and only one study (Kazaz & Ulubeyli, 2004) was carried out about what the change in quantity 
is and should be. The purpose of this study was to satisfy this deficiency. 
In the present research, productivity rates obtained from general contractors were compared with each other and 
with those in UPA. Toward this aim, the following two tasks were examined: formwork erecting and reinforcement 
fixing. This is because (i) they are totally labor-intensive activities, (ii) they are used in many types of construction 
projects, and (iii) they do not create any difficulty in establishing standard duration due to the fact that they do not 
need any construction machine. Based on these characteristics, the above-mentioned two tasks had also been 
chosen to evaluate man-day values in the past (Proverbs, Holt, & Olomolaiye, 1998a; 1998b; 1999a; 1999b; 1999c; 
1999d; 1999e; Proverbs & Holt, 2000; Radosavljevic & Horner, 2002; Thomas, Horman, De Souza, & Zavrski, 
2002). Hence, the current position of labor productivity in the construction industry in Turkey was revealed 
through this study. Thus, it can be used as a benchmark medium by industrial practitioners in future projects and 
can also be a step for subsequent scientific researches. 
2. Man-day values 
2.1. Definition 
In general terms, productivity is the ratio of input to unit output. Therefore, a labor productivity value can be 
basically defined as the duration in days needed to complete the unit quantity of an activity. The more the rate is, 
the less the labor productivity becomes (Hanna, Russell, Gotzion, & Nordheim, 1999; Thomas & Sanvido, 2000). 
For instance, in a construction job-site where the ready-mixed concrete of 125 m3 is poured in 5 days, labor 
productivity is 0.04 day per m3. However, in terms of numerical comparisons, a more convenient way of 
calculating labor productivity rates in the construction industry is the opposite of this definition. It means that the 
labor productivity rate is the total physical output produced in unit duration, as used in this study (Proverbs, Holt, 
& Olomolaiye, 1999a; Goodrum, Haas, & Glover, 2002). Thus, the above-mentioned example is concluded by 25 
m3 per day. 
Although output values in construction are heterogeneous in nature, they can be expressed by specific units such 
as m, m2, m3, kg, ton, or piece. The fundamental motive behind the measurement of output by physical units is to 
standardize a product through a numerical scale rather than price or wage. This is because price or wage can vary 
based on many specific drivers in an industry or a company. 
The input concept in total productivity covers labor, capital, energy, and material, while its counterpart in labor 
productivity includes both the average number of workers and the average duration. In the latter definition, input 
values in numerator can be transformed to each other. In fact, the interactions explained in Fig. 1 are realized by 
this transformation. In other words, this corresponds to either the quantity produced by a specific number of 
workers in a specific time, or the number of workers required to complete a specific amount of an activity in a 
specific time, or the duration needed to complete a specific amount of an activity by a specific number of workers. 
In these transformations, productivity is always constant. For instance, if one worker can erect formworks of 8 m2
per day and the total production amount is 80 m2, the formwork erecting activity can be completed by 5 workers in 
2 days or by 2 workers in 5 days. In this point, a planning engineer or a project manager makes a suitable decision 
based on the project’s priority such as time, cost, or quality. 
2.2. Procurement 
When an estimator starts to make a construction schedule, he/she should describe and list all of the activities 
available in the project. Then, the expected duration of each activity is usually estimated based on the existing 
resources, the allocated budget, and the total production quantity. In this stage, an estimator should be a 
knowledgeable practitioner on the existing construction technology, should take into account performances of 
equipment and machines together with workforce, and should have deep experience on the factors that can affect 
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productivity and requirements of workforce. To deal with this process, construction estimators employ several 
methods as follows: 
• Imitation of similar activities executed in previous projects, 
• Intuition, based on individual experience, 
• Assistance of project management consultants, 
• Direct interaction with subcontractors, or 
• Synthesis of the above items. 
Kazaz & Ulubeyli (2004) found that UPA, which is the unique and indirect source of labor productivity rates in 
Turkey, has lost its validity and currency. Therefore, 78.05% of the surveyed companies in the present study have 
records concerning man-day values of past projects. In today’s competitive industrial conditions, these values can 
be compiled as a private and specific database in the industry level and updated in specific periods. In this regard, 
the current research study is one of the first steps taken to constitute such a database, presenting and evaluating 
labor productivity rates of two basic construction activities. 
2.3. Variability 
Working conditions in a construction site are very different from those in a workplace in manufacturing 
industry. Contrary to manufacturing industry, labor productivity in construction is largely affected by working 
conditions, resources, production method, location, and technology, which vary from project to project (Proverbs, 
Holt, & Olomolaiye, 1999a). In addition, the probability of meeting with unanticipated cases is almost always high 
in construction projects. This complex and unstable nature of the construction industry makes labor productivity 
dynamic during construction. In essence, labor productivity is also affected by many internal and external factors 
and this can lead to great fluctuations. The variability in the behavior of labor productivity shows an absolutely 
non-linear and undefined characteristic in measurement. Therefore, classical statistical techniques (e.g., normal 
distribution) used to statistically explain the construction labor productivity in theory cannot completely describe 
the productivity in practice (Lema & Price, 1996; Radosavljevic & Horner, 2002). Similar results were obtained in 
some other disciplines (Peters, 1991; Kaye, 1993; Lorenz, 1995). As a solution, Peters (1991) suggests the chaos 
theory. 
In order to estimate labor productivity rates, the working conditions and their impacts on productivity should be 
analyzed carefully. In other words, the variability should be managed using effective human resources management 
strategies and motivation techniques. However, it is very difficult to measure the effect of working conditions on 
productivity. Because of this subjective and relative nature of labor productivity, man-day values may show great 
differences between estimators and create great difficulties in observing them as precise values in time. In this 
regard, Proverbs, Holt, & Olomolaiye (1998a; 1998b; 1999b; 1999e) performed comparative studies in UK, 
Germany, and France. They found out that there are large differences in man-day values estimated by planning 
engineers for some activities such as reinforcement fixing, formwork erecting, and concrete pouring. Moreover, 
according to their researches, planning engineers in Germany and France use man-day values with narrow interval 
but with high variability, whereas those in UK have productivity rates with wide interval but with small variability. 
Similarly, Portas & AbouRizk (1997) state that one-value estimate for labor productivity cannot be accepted by 
planning engineers because of the complex nature of labor productivity. Toward this aim, they claim that a record 
of several man-day values for an acitivity allows planning engineers making a number of estimates and a resultant 
generalization after some time. 
Since the labor-intensive technology in the construction industry has very high variability (Thomas & Zavrski, 
1999), workforce is the most complex and key component of production. Workers are not machines that can always 
behave the same way. Even under the same conditions, different productivity rates can be obtained because of the 
change in many factors such as motivation, wage, accident, etc. Accordingly, these rates cannot be estimated 
exactly. As a solution, planning engineers should be aware of internal and external site conditions and adjust the 
rates properly in each case. For this objective, Portas & AbouRizk (1997) developed a system that can make correct 
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estimates on labor productivity. Smith & Hanna (1991) defined the factors influencing productivity in formwork 
erecting. However, as claimed by Ashworth & Skitmore (1983), standard labor productivity rates are rarely 
updated by estimators. Given that these values should be well-estimated to determine the working duration and cost 
of workers accurately, time and cost schedules of such a project include uncertain data in this regard. In today’s 
competitive environment, the success of a construction firm depends largely on the correct estimation of labor 
productivity rates. When these rates are compared with the known baseline values, they can be defined as relative 
measures of labor or production efficiency. Namely, the less the difference between the actual productivity rate and 
the accepted standard rate is, the less the uncertainity in estimation becomes. Christian & Hachey (1995) found out 
only a small difference between actual productivity rates and estimators’ values. They also revealed some 
differences between actual productivity rates for the same activities in different sites. According to them, the reason 
behind this finding was idle and waiting times. In fact, this comparison should be made and examined by 
estimators after the completion of projects. This will likely make labor productivity estimates more accurate in 
future projects. 
Both labor productivity and its variability are also important evaluation criteria and key performance indicators 
of a project. Daily productivity values display the lowest variability in productive and successful projects, while 
they have much more variability in unproductive and unsuccessful projects. Therefore, if labor productivity has to 
be increased to reach the pre-determined targets of a project successfully, one of the most effective solutions is to 
decrease the variability in labor productivity (Proverbs, Holt, & Olomolaiye, 1999b; Thomas, Horman, De Souza, 
& Zavrski, 2002). 
3. Methodological background 
As a sample group for the questionnaire survey, Turkish Contractors’ Association and Turkish Employers’ 
Association of Construction Industries were contacted. Members of these Associations execute about 70% of total 
investments made in Turkey and have also undertaken 90% of the work done abroad in the field of construction. 
This means that they have abilities to represent the Turkish construction industry adequately. There are a total of 
187 member firms in these Associations. In order to provide reliability and validity of the compiled data, 
respondents were interviewed face-to-face throughout the survey. Only ten firms were contacted by e-mail because 
of their distant locations. As a result, 82 of them (43.85%) accepted the survey request. 49 firms (26.2%) provided 
man-day data for the activity “formwork erecting”, and 43 firms (22.99%) shared their productivity rates for the 
activity “reinforcement fixing”. In this context, response rates of 26.2 and 22.99% were adequate in representing 
the sample group. 
Statistical analysis of the data obtained in this study was carried out by one sample t-test using the statistical 
software package, SPSS for Windows. One sample t-test compares the mean score of a sample to a known value. It 
means that this method is used to compare the observed and expected means. In this case, man-day values in UPA 
were accepted as the expected or hypothetical means in theory, and the compiled data as the observed means in 
practice. 
Considering economic scales of the surveyed companies, it was determined that approximately half of them 
(46.34%) were large-scale main contractors while the remaining part (53.66%) was composed of small- and 
middle-scale companies. In addition, a large majority of them (76.83%) had experience of more than 20 years in 
the construction industry. 
Similarly, demographic features of the respondents are among key indicators of the validity and reliability of the 
survey. In this context, it was found that 6.10% of the surveyed respondents were chief executive officers, 42.68% 
of them were site/project managers, and 51.22% were planning engineers. Moreover, 73.17% of participants had 
worked at least 11 years in the industry. 
Given all these demographic findings on the surveyed firms and individuals, it can be asserted that the survey 
could truly reflect practical realities. However, it should be noted that the numerical data obtained in this study is 
prone to errors as it is subjective and that a larger population could present a different and robust numerical 
perspective. 
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4. Results and discussion 
According to UPA, one worker can erect flat surfaced formworks of 5.333 m2 per day as given in Table 1. 
However, according to contractors, one worker can erect formworks of 8.927 m2 per day. This means that planning 
engineers of the contracting firms estimate that a worker can erect 67.39% larger formworks. A more impressive 
situation was seen in the reinforcement fixing activity. Here, a worker can bend and fix the ribbed bars of 70 kg per 
day, according to UPA. This amount rises to 318 kg in the estimates of firms. In other words, contractors in the 
industry employ approximately 354.28% more productive workers. It is also interesting that the value for 
reinforcement fixing in UPA (i.e., 70 kg) was less than the minimum productivity rate of firms (i.e., 100 kg). As a 
result, for both activities, statistical differences between the productivity rates in UPA and those used by firms were 
found to be extremely significant (p < 0.0001). 
Despite these great differences between the values in UPA and the average of firms’ productivity rates, there 
were large differences between contractors as well. In the formwork erecting activity, maximum value (i.e., 16 m2) 
was four times more productive than minimum value (i.e., 4 m2). Similarly, in the reinforcement fixing activity, 
maximum value (i.e., 700 kg) was seven times more productive than the corresponding minimum value (i.e., 100 
kg). Another perspective can be drawn by examining standard deviation values that show statistical differences 
between contractors’ productivity rates. The standard deviation in formwork erecting was found to be 37.11% of 
the average of contractors. The corresponding value in reinforcement fixing is 46.23% of the firms’ average. In 
fact, these differences in labor productivity rates likely arise from differences in production methods and in 
motivational factors. Of course, it is not reasonable to assert that variability in labor productivity, which is complex 
and unstable due to many direct and indirect effects, depends solely on a few drivers. In contrast, the variability 
should be best explained by taking into account many related factors together under a scientific methodology. 
Despite the fact that some factors show similar impacts on productivities of a number of activities, their degrees of 
effects on labor productivity may vary in each activity. 
Based on the findings in Table 1, it can be claimed that UPA do not provide sufficiently accurate productivity 
rates and can hardly reflect the productivity conditions in practice. This is an expected finding as there has been no 
change or modification in these values in the last decade. In fact, input data such as workmanship (that is, labor 
productivity rates), material, and machine, constitutes unit prices of activities, and public construction contracts 
have to be awarded to proposals formed by taking into account these prices. Therefore, the anticipated differences 
between the planned and actual cost and time values, which is a common nature of construction projects indeed, 
increase further in public projects when considering the significant differences in man-day values between theory 
and practice as found out in this study. In such a case, given the construction contractors’ higher labor productivity 
rates, firms have no difficulties in completing their projects in time or before the scheduled times. However, since 
project costs consist of UPA activities with lower unit prices or lower worker wages due to lower productivity, 
firms search for various solutions to cover these relatively low costs in UPA. In this stage, firms use either 
unskilled and inexpensive workers or lower quality and cheap materials in the market rather than employing those 
written in contracts. 
Overall, it can be claimed that labor productivity values in UPA are keeped at an unproductive level 
intentionally. This can be because of the minimum wage policy applied in Turkey in many years in particular and 
the inclination to prevent inflationary wage increases in general. However, inflationary wage increases should not 
be prevented by keeping wages at a low level. In fact, it can be best provided by increases in partial (e.g., labor) 
and/or total factor productivity. Moreover, in today’s macroeconomic conditions in Turkey, high inflation rates are 
not encountered anymore. 
6. Conclusions 
In this study, the great importance of labor productivity in construction estimating and scheduling was 
emphasized by investigating numerical rates, i.e. man-day values. In this context, productivity rates compiled from 
industrial practitioners were compared both with the values accepted in public projects and with each other. In 
conclusion, it was found that UPA do not include realistic man-day values. 
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Table 1. Results of t-test for man-day values. 
Task code 
in UPA 21.011 23.014 
Title of activitiy 
(unit) 
Erecting flat surfaced formwork for 
concrete and reinforced concrete 
(m2) 
Bending and fixing the ribbed bars 
with diameter of 8-12 mm (ton) 
Productivity rate 
in UPA 5.333 0.07 
Average of firms’ 
productivity rates (AFPR) 8.927 0.318 
Minimum rate 4 0.1 
Maximum rate 16 0.7 
Standard deviation 3.313 0.147 
Standard error of 
difference 0.473 0.022 
Difference 3.594 0.248 
Lower limit of 95% confidence 
interval of AFPR 2.643 0.203 
Upper limit of 95% confidence 
interval of AFPR 4.546 0.294 
t-test value 7.595 11.096 
p-value < 0.0001 < 0.0001 
Statistical 
significance extremely significant extremely significant 
Degree of 
freedom 48 42 
Number of 
samples 49 43 
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Therefore, it can be claimed that a planning guide including productivity rates of construction activities should 
be established for better project management practices. A specific productivity standard or baseline can thus be 
constituted. This can lead to reduction of large differences in contractors’ productivity rates and to continuous 
inspection of labor productivity during the project execution in construction job-sites. 
Consequently, the present study can be regarded as a starting step on the way of searching optimum labor 
productivity rates. In the future, subsequent academic researches and practical discussions in this domain of 
construction will contribute to further improvements in construction planning. In addition, because this study 
reflects real industrial conditions and contains perspectives of the experienced practitioners, the numerical values in 
the present study can be used as useful information by newly graduated and inexperienced industrial practitioners. 
Moreoever, since these values were compiled readily as a result of a questionnaire survey, it will be better to 
improve the obtained data further by adding man-day values of other estimators in the construction industry. 
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